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Summary
During Phase VII 45 samples were drawn from 44 wells in eleven counties. These
samples were all from new wells including two each in Ashley, Chicot and Lincoln
Counties; seven in Prairie and Crittenden Counties; six in Jefferson County; three in
Lonoke county; 13 in Desha County; and one each in Arkansas White and St. Francis
Counties. The well at Jefferson #2 was sampled twice. This gives a total, to date, of
348 samples collected from 306 wells for this program. Table 1 shows a listing of all
counties where monitoring has been done and the number of wells sampled in each
county.
All samples collected were analyzed for 61 pesticides and nitrate-nitrogen. A listing of
all the analytes can be found in the Quality Assurance Report (QAR) which is attached
as an appendix. The QAR also includes detection limits for all analytes as well as




There were pesticide detections in samples from four wells during Phase VII. Table 2
lists all the pesticide detections for all phases of monitoring. All detections from Phase
VII appear in bold type in Table 2. Bentazon, at less than 1 ~g/L was found in both
samples from Jefferson #2. In both cases no confirmation was possible, as the
detection limit for bentazon at the Arkansas State Plant Board (ASPB) laboratory is not
low enough. Bentazon was also found in the sample from St. Francis #1, at 7.97 ~g/L.
No confirmation was possible due to lack of sample. This well will be sampled again in
Phase VIII.
Molinate was found in Desha #12 (1.42 ~g/L) and Jefferson #5 (0.29 ~g/L). These
detections were both too small to be confirmed at the ASPB laboratory. Verification of
these detections is planned for Phase VIII. These results are particularly interesting.
This is the first time molinate has been detected in the ASPB monitoring series. Both
wells are in the area monitored several years ago by the Arkansas Department of
Environmental Quality (ADEQ) when seven of 77 wells monitored were found to have
trace levels of molinate.
Nitrate-nitrogen was analyzed in all 45 samples collected. All but 14 of the analyses
showed detectable levels of nitrate greater than 0.002 mg/L. Only four wells had nitrate
levels above 1 mg/L. None were above the Maximum Contaminant Level, 10 mg/L.
r ansas ater esources enter, nlverslty 0 r ansas,
20epartment of Agronomy, University of Arkansas, 3Arkansas State Plant Board.
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Table 1. Areas Monitored During Phases I-VI
Number of SamplesNumber of WellsCounty
Ashley 18 (2) 23 (2)







Lonoke 15 (3) 15 (3)
Lee 11 11







Prairie 7 (7) 7 (7)
Lincoln 2 (2) 2 (2)
Jefferson 6 (6) 7 (7)
White 1 (1) 1 (1)
St. Francis 1 (1) 1 (1)
Desha 13 (13) 13 (13)
Arkansas 1 (1) 1 (1)
Total 306 (44) 348 (45)




In 1990 the U. S. Environmental Protection Agency (EPA) released its first report on its
National Pesticide Survey. The report made it clear that ground water contamination
by pesticides is a widespread problem in the U. S. In response the EPA initiated its
"Pesticides in Ground-Water Strategy" which included the State Management Plan
(SMP) concept (EPA, 1991). Arkansas completed its generic; SMP-- The Arkansas
Agricultural Chemical Ground-Water Management Plan--in 1992. The SMP called for





















































































































Table 2. Pesticide Detections durin Phases I-VII continued. *
Wood #26 Sep. 15, 1994 Bentazon 1.5
Feb. 20,1995 Bentazon 0.9
June 18,1997 Bentazon 0.55
Wood #29 Sep. 29, 1994 Metribuzin 0.4
Feb. 20, 1995 Metribuzin 0.4
closed
Wood #34(PB) Feb. 20, 1995 Alachlor 1.5


























































*Phase VII detections shown in bold face type.
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To identify the areas where the ground water is vulnerable, a vulnerability map for the
Arkansas Delta was developed using a combination of pesticide DRASTIC and
pesticide use information. DRASTIC (Aller et ai" 1987) is a method for determining
areas sensitive to ground-water contamination developed for EPA.
DRASTIC determines ground-water sensitivity to contamination based on seven
factors:





impact of the vadose zone, and
hydraulic ,g:onductivity
The Arkansas Soil and Water Conservation Commission (ASWCC) coordinated
development of the vulnerability map for Arkansas (Fugitt, 1992). For this purpose
estimates of pesticide use in the various counties was provided by the Arkansas
Cooperative Extension Service (CES).
With the Arkansas State Plant Board (ASPB) as lead agency, monitoring under the
SMP began in September 1992. Six phases of monitoring have been carried out, prior
to this phase. As Table 2 shows, 16 of the 262 wells tested prior to Phase VII were
found to be contaminated. With completion of Phase VI the number has risen to 20
contaminated wells, i.e., 6.5% of the wells monitored have had pesticides detected
III. The Study Area.
At least one sample was taken from each of eleven different counties during Phase VII.
Two samples were collected in Ashley County. Detailed vulnerability maps were
unavailable when Ashley County was monitored during Phase I. As a result a 'high
vulnerability' area in the county was missed at that time. The Phase VII samples were
collected in and near that area. During the same trip two samples were also collected
near Lake Chicot in Chicot County. This is another area of higher vulnerability that had
not been monitored previously. The major crops in these two counties are cotton
(50,000 acres in 1990), soybeans (41,000) and rice (20,400) (Arkansas Agricultural
Statistics, 1990).
Other samples were collected in Prairie, Jefferson, Crittenden and Desha counties
during Phase VII. Seven samples were taken from wells in a vulnerable area that
roughly parallels the White River in eastern Prairie County. Soybeans is the most
widely grown crop in Prairie County (146,000 acres in 1996). Rice is second (67,000
5
acres) and wheat, often grown in conjunction with soybeans, is third (55,000 acres)
(Arkansas Agricultural Statistics, 1996).
Six samples were drawn from wells in Crittenden County, located just west of Memphis.
The area of highest vulnerability in Crittenden follows the west side of the Mississippi
River. All six samples came from this area. Soybeans and wheat are the predominant
crops with 189,00 and 71,000 acres respectively grown in 1996. Cotton is also a major
crop with 57,000 acres grown in 1996 (Arkansas Agricultural Statistics, 1996). On the
same sampling trip, one well from a vulnerable area in southeastern St. Francis County
was also sampled.
While a number of wells were sampled in Lonoke County in 1995, a small area with
high vulnerability near the White County line was not sampled at that time. Three
samples were collected from this area during Phase VII along with one sample from just
over the line in White County in the same area of vulnerability.
Twenty of the samples taken came from Jefferson and De:5ha counties, where
Soybeans is the major crop, both counties producing 109,000 acres in 1996(Arkansas
Agricultural Statistics, 1996). Cotton is the second largest crop. These two counties
were included in the area sampled by the Arkansas Department of Environmental
Quality (ADEQ-formerly the Department of Pollution Control and Ecology) in 1996. At
that time seven wells in these counties were found to have trace levels of bentazon (all
less than or equal to 0.11 ~g/L). At the same time there were six detections of molinate
in these two counties with concentrations between 0.016 and 0.246 ~g/L. All the wells
sampled by ADEQ were irrigation wells
Twelve maps are included on the following pages. The first of these is the sensitivity
map for the entire Arkansas Delta. Reds and yellows show the areas of highest
sensitivity. The blue and green areas have lower sensitivity. This map shows sensitive
areas not vulnerable areas. Only the factors from pesticide DRASTIC are included.
Actual pesticide use was not included. However, as pesticide use in the delta is so
ubiquitous, the sensitive areas are highly correlated with vulnerability.
Following the Delta sensitivity map are maps of all the counties investigated during
Phase VII. On these maps, "X" indicates where wells were sampled and if the "X" is
partially covered with a red diamond a detection is indicated. These maps show how
the locations of the samples collected, including detections, match up with the sensitive
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Table 3 gives general information about all the wells sampled in Phase VII and results
for pH, conductivity, temperature and nitrate-nitrogen. It also indicates whether or not
pesticides were detected. Table 4 is a listing of all the wells in which pesticides were
detected at the WQL. This table shows the concentrations of the pesticides detected.
It also indicates whether or not the results were confirmed at the ASPB laboratory. For
new pesticide detections, the table also indicates if the detection has been verified by
the analysis of a second sample from the same well and what the official reporting
status is for the detection. Full analysis results, along with all quality assurance data
are contained in Appendix A.
Only four of the wells tested had detectable levels of pesticides. Bentazon, at 7.97
1l9/L, was detected in a well in southeastern St. Francis County. Due to some sample
being lost, this detection has not been confirmed. No sample has yet been collected
for verification; this will be done in Phase VIII. While this detection is substantial, there
have been detections of bentazon in Woodruff, Pulaski and Monroe Counties (see
Table 1) at levels more than 10 times this high. EPA's long-term Health Advisory for
adults is 200 1l9/L. Nonetheless, if bentazon is again detected at this well during
Phase VIII, it will be listed for continued monitoring in the future as called for by the
Arkansas SMP for pesticides.
Bentazon was also detected at the Jefferson #2 site. At less than 1 ~g/L, it was
impossible to get confirmation from the ASPB laboratory. The well was sampled twice,
however, with detections both times supporting the conclusion that the well really is
contaminated at a low level. This well used to be used for drinking water, but several
years ago a rural water system was installed and the well is now used only for watering
in the garden and around the house.
Trace levels of molinate were found in two wells. These are the first molinate
detections to show up in this monitoring program. The well at the Jefferson #5 site, a
rice irrigation well, contained 0.29 ~g/L molinate. Also a rice irrigation well, Desha #12
was found to contain 1.42 ~g/L molinate. Due to the low concentrations the ASPB
laboratory was unable to confirm either of these detections. During Phase VIII, both
these wells will be sampled again.
Given the characteristics of molinate which indicate that it might be persistent, the
amount of rice grown in Arkansas, and the rice farmers' heavy dependence on molinate
it was expected early on that molinate would show up in many of the wells we tested.
For unknown reasons this has not been the case. In 1996, however, when ADEQ
monitored 77 irrigation wells in east-central Arkansas, including 19 In Jefferson County
and 21 in Desha County, seven wells were found to be contaminated with trace levels
(0.02-0.25 ~g/L) of molinate (Kresse et.al. 1997). Combined with the data from ADEQ,
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less than 0.002 (below
detection limit) 10
0.004 to 0.99 30
1.0 to 4.99 2
5.0 to 9.99 2




Table 5 shows the distribution of nitrate in the 44 wells tested during Phase VII. The
MCL for nitrate, as nitrogen, in drinking water is 10 mg/L. None of the wells was above
the MCL. The well at Prairie #2 had the highest level (9.06 mg/L NO3-N). Nine
percent of the nitrate results were at or above 1 mg/L. These numbers are quite low
compared to 47.5% at or above 1 mg/L in Phase VII, the highest number ever for one
phase of monitoring. Compared to the results of all previous phases, 30% at or above
1 mg/L, it is still a low number
V. Conclusions
Although none of the detections during this phase were large compared to other
monitoring phases, the percentage of hits was slightly higher than the average for the
last seven years. The four contaminated wells constitute 9.1 % of all the wells tested
this time. Prior to this phase, 6.1 % of wells tested were contaminated. With the
addition of the data from this phase, we have now tested 306 wells, of which 20 have
detectable levels of pesticides. Currently the overall rate for detections is 6.54%.
In Phase VII, once again, no evidence was found to indicate widespread aquifer
contamination by pesticides. The contaminated wells are spreadout, rather than
clumped together and the concentrations are very low, except for St. Francis #1. In the
past, several of the wells tested have shown extremely high pesticide levels, 50 to 400
~g/L, but no such wells were found during this phase.
The most notable aspect of the new data was the detection of molinate, an herbicide
frequently used on rice crops. Despite the large amount of rice grown in Arkansas, no
molinate had been found in any of the 262 wells tested during earlier phases of
23
monitoring. However, as noted previously, ADEQ did find very low levels of molinate in
7 of the 77 wells it tested in 1996. Six of those seven wells were located in Desha and
Jefferson counties, the two counties where molinate was detected during Phase VII. It
should be noted that all the detections of molinate have been in rice irrigation wells,
including the wells sampled by ADEQ.
Do these results mean we are looking at slowly increasing levels of molinate in the
areas where rice is grown? This is the kind of problem which motivated EPA to
mandate pesticides in ground water monitoring. As long as large amounts of pesticides
continue to be used, there will be occasional accidents that result in pesticides
reaching ground water. Continuing education and supervision of applicators and
farmers will hopefully reduce the overall number of such accidents. However, the main
concern is with non-point sources of pesticide contamination. Does the continuing,
normal use of pesticides by our farmers constitute a threat to the state's groundwater?
It will take many years to answer this question definitely, but the most likely scenario for
such a threat shows slowly increasing pesticide levels across large areas. Thus the
low-level pesticide detections we see now could indicate that this process is going on
and we are just now beginning to observe it. Alternatively, it is possible that the
concentrations are constant or going down, i.e., contamination occurred in the past
and, with better management practices now in place, contaminant concentrations may
be going down.
To answer the question posed above, it will be necessary to continue to monitor wells,
which have low-level molinate (or other pesticide) contamination to determine if
concentrations are increasing. The amount of time it will take to answer the question is
exacerbated by the amount of error considered acceptable in the methods used for
pesticide determination. Thus it could be several years before an increasing, or
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DATA QUALITY ASSURANCE REPORT
ARKANSAS STATE PLANT BOARD
PESTICIDE GROUND WATER MONITORING PROJECT
FOR VULNERABLE AREAS OF ARKANSAS
PHASE VII
Terry Nichols
Arkansas Water Resources Center-Water Quality Laboratory
Introduction
This appendix presents a summary of the pesticide and nitrate data collected
during Phase VII monitoring and the associated quality assurance data including all
quality control checks. Figure 1 is a listing of all the pesticides (and nitrate-nitrogen)
analyzed in this project. Each analyte is listed with the method of analysis and the
Water Quality laboratory's detection limit for the pesticide. Data to support the
detection limits were presented in the Phase VI report.
Phase VII monitoring for pesticides was conducted as a series of seven distinct
batches or trips ("trip" refers to a sample collection trip). Samples for each trip were
collected over a period of one or two days. Separate aliquots of sample water were
collected for each of three methods of pesticide analysis and for one nitrate-nitrogen
method. Sample aliquots for each method were extracted and analyzed as a group.
Quality control checks were done separately for each method for each trip. Thus the
data and quality assurance information in this report are presented one trip at a time,
with each trip subdivided by method. Data and quality control information are listed by
trip and by method beginning on page A 11. A brief summary of the monitoring data is
given in the following section.
Data Summary
Table 1 is a listing of all the sites sampled during this phase. For each site,
along with identifying information, results are given for pH, specific conductance,
temperature, nitrate and all pesticides. Table 2 is a listing of all the wells in which
pesticides were detected at the WQL. One column shows the concentration of the
pesticide. The next column indicates if the results were confirmed at the ASPB
laboratory. For new pesticide detections a further column indicates if the detection has
been verified by the analysis of another sample from the same well. These data are
also in the main body of the Completion Report. They are included here for those who
might only read this appendix.
A-3
Figure 1. Methods. analvtes and detection limits.
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Explanation of Quallity Control Data
The major Q/'vQC concern of this study is to demonstrate an ongoing ability to
detect small amounts of pesticides in various ground waters. For this it is necessary to
demonstrate that thE~ methods are "in control." For each of the three major methods,
EPA507, EPA515 and NPS4, one or more lab fortified blanks (LFB) for each batch was
run along with the samples. For each LFB, a known amount of a surrogate compound
was added before e:>ctraction and a known amount of an internal standard was added
after extraction was complete. For an LFB to pass QC it had to show acceptable
recoveries for the surrogate and internal standard as well as for the analytes with which
it was fortified. If acceptable recoveries are not obtained for any of the analytes in a
LFB, everything mu~)t stop and the problems must be corrected. An acceptable lab
fortified blank must I:>e obtained before analyzing the samples of a current batch.
Figure 2 shows accE3ptabie recoveries for surrogates, internal standards and analytes
as specified in the methods.
For each trip, at least one Lab Fortified Sample Matrix (LFM) was analyzed for
each method. This is a check for matrix interference. Assuming the process is in
control as indicated by good recoveries on an LFB and if the recovery for one or more
analytes in an LFM is outside the acceptable range, then the results for those analytes
in unfortified sample~s from the same matrix are labeled suspecUmatrix, indicating the
result is suspect dU~3 to matrix interference.
The non-fortified samples for pesticide analysis are also required to pass QC
checks for surrogatE~ and internal standard recovery. All results reported are reported
with percent recoveries for both the surrogate and internal standard. Any results
associated with low recoveries on either the surrogate or the internal standard are
reported as suspec1: due to matrix interference.
In addition, at least one Lab Blank (LB) was analyzed for each method for each trip. All
results on the LBs are reported as part of the "trip" ac. To be acceptable LBs must
have good surrogate and internal standard recoveries with no analytes detected.
Results for field anci machine duplicates are also reported




















QC for nitrate-nitrogen results for each trip are reported with estimates of
accuracy and precision in the form of percent recovery for a lab spike (90 to 110%
A-12
required) and percent relative standard deviation (%RSD<10% required) for two
duplicates analyzed with the batch.
Summary of QA/QC
Sampling procedures set out in the QAPP for this project were followed on all
sample collection trips. Sample bottles were thoroughly cleaned before use and
appropriate preservatives were pipeted into the bottles in the lab prior to each sampling
trip. Samples were iced immediately and kept iced until delivered to the lab. Sample
custody forms were maintained through sample delivery and are on file with the records
of this project. EPA holding times for samples and extracts were met and samples and
extracts were held in the lab at 4°C, or below, at all times. No detectable levels of
pesticide were found in any of the laboratory "blanks."
The following paragraphs summarize the QA data on a trip by trip basis. Data
points that are reported as suspect for any reason, are itemized and discussed in these
trip summaries.
Trip 1. All the data for Trip 1 have acceptable QA data. One analyte, EPTC, in the
matrix spike duplicates for EPA 507 had a high relative standard deviation, 11.14%. As
this is supplementary QC none of the results are invalidated. The high number reflects
the amount of variation inherent in the method.
Trip 2. All the data for Trip 2 have acceptable OA data except that some matrix
interference was observed for the NPS4 method in the water from the Prairie #4 well.
The water was extracted and analyzed twice, once in its non-fortified, original state and
once after being fo/1ified with NPS4 mix 2. Both analyses had a slightly low surrogate
recovery and the fortified sample also had low recoveries for propham and barban.
The fortified lab blanks were all right, however, so only the NPS4 data points for Prairie
#4 are reported as suspect.
Trip 3. QA data for both NPS4 and EPA507 methods is complete and acceptable. For
EPA515, the surrogate recovery for one sample was extremely high, 225%. Most
likely, the wrong amount of surrogate was added to this sample. All other QC checks
are good. However, all 515 data points for this well, Jefferson #2, are being reported
as suspect due to rnatrix interference.
Trip 4..AII the QC data for NPS4 and EPA515 are acceptable. One of the Lab fortified
blanks for EPA507 had a slightly low, 68%, internal standard recovery. As recoveries
on all the compounds were good these data points are being reported as acceptable.
Trip 5." All QC data points are acceptable.
A-13
Trip 6. The QC data for NPS4 and EPA515 are acceptable. One of the matrix spikes
for EPA507 had a slightly low, 66%, recovery. The compound recoveries came out
excellent, however. The EPA507 data are all reported as acceptable.
Trip 7. For NPS4 the propham recovery on the matrix spike was slightly low, 64%. The
spike was done on Desha #12 so the propham data point for Desha #12 is being
reported as suspect. The machine duplicate for EPA507 was inadvertently omitted.
However, a matrix spike duplicate was analyzed with good results. Data for EPA507
are acceptable. DUE~ to a low surrogate recovery, 58%, the EPA515 data for Jefferson
2R 1 are being reported as suspect, possible matrix interference.
Overview. A total of 33 data points are being reported as suspect due to matrix
interference. This i~; less than 1.5% of the2475 data points reported. The only serious
QC problem relates to the bentazon detection at Jefferson #2. This well was sampled
twice with low levels, of bentazon detected both times (0.979 ~g/L and O. 721 ~g/L).
However, both time~) the surrogate recovery for EPA515 was unacceptable-once so
high as to indicate 81 spiking problem and once too low. The ASPB lab did not run
confirmations on these detections as they were below detection limit. Thus the call on
the bentazon conce!ntration should not be considered precise. As the chemical was
found twice at approximately the same concentration, identification of the chemical is
adequate, only the (~oncentration is in question. Since the WQL detection limit for
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